Activation of the Na+/H+ antiporter during cell volume regulation. Evidence for a phosphorylation-independent mechanism.
A variety of cell types regulate their volume in anisotonic media by stimulating Na+/H+ exchange. Like growth factors, osmotic challenge activates the Na+/H+ antiport by increasing its sensitivity to intracellular [H+]. To investigate the molecular mechanism underlying this shift in pH sensitivity, the antiporter of 32P-labeled human bladder carcinoma cells and of Chinese hamster ovary cells was immunoprecipitated using antibodies raised against the cytosolic domain of the NHE-1 isoform of the Na+/H+ exchanger. Unlike the effects of growth promoters, activation of the antiport during volume regulation was not associated with increased phosphorylation. The possible coexistence of multiple antiporter isoforms was considered. The cytosolic alkalosis normally elicited by hypertonic media was found to be absent in Na+/H+ exchange-deficient fibroblasts. Responsiveness to osmotic challenge was restored by stable transfection of these cells with the cDNA encoding NHE-1. In these transfectants, phosphorylation of the antiporter was also unaffected during osmotic activation. The unchanged phosphate content of the antiporter might be explained by dephosphorylation of one site with concomitant phosphorylation at a different site. However, this possibility appears unlikely since phosphoamino acid analysis revealed that serine was the only residue phosphorylated in immunoprecipitated antiports of both control and osmotically stimulated cells. Moreover, phosphopeptide maps of control and hypertonically activated antiports were identical. These findings reveal a novel mode of activation of Na+/H+ exchange not requiring direct phosphorylation of the antiporter. We propose the existence of dual control of Na+/H+ exchange by phosphorylation-dependent and -independent mechanisms.